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PREFACE
They are never far from my thoughts, those unfortunate
children who were victims of protein-calorie malnutrition
During the fifteen years that I had an opportunity to(PCM).
invest my life as a missionary nurse in West Africa, I saw
them daily. There were varying degrees of this dreadful malady
on every hand, from the mild cases to the severe forms.
kwashiorkor and nutritional marasmus.
The devastating effects of kwashiorkor left many marks
on the children it afflicted. How miserable they seemed, how
apathetic, how withdrawn. It was obvious they no longer
showed interest in their surroundings. Their moon faces were
so characteristic, as was the edema of their feet and ankles.
Underweight and with a noticeable growth retardation, their
appetite was always poor. Their muscles were weak and wasted.
and seemingly had some overlying subcutaneous fat. Hair
changes were often seen—usually light in color or even red.
straight instead of curly, and much thinner than that of the
normal child's hair. Many were anemic, and frequently the
clinical picture was complicated by diarrhea.
Those who were victims of nutritional marasmus gave a
different picture. There appeared to be extreme growth failure.
and a marked wasting of not only the child's muscles, but also
Their faces were so thin that they gavehis subcutaneous fat.
the appearance of that of old men. There was no edema, and
the hair looked normal.
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I saw them in the markets, the homes, the villages, the
churches, and many of the more severe cases came to our hospital
in a remote rural section of Eastern Nigeria. And I concluded
that treating the acute cases was not really contributing to
the main problem of reducing the number of malnourished
children. At our hospital, we repeatedly re-admitted children 
for the same acute symptoms only a short time after they had
been successfully treated. In addition, many others received
no medical care at all.
I resolved long ago that if ever given the chance, I 
would do something constructive about the very grave problem 
of PCM in West African children, who had been such an impor­
tant part of my life.
The chance camel And in my loftiest dreams, I never 
imagined that such an unusual opportunity would present
itself 1
Having been accepted to a graduate program in Nursing
at one of the large State Universities in this country, a
chain of happenings took place which changed the course of
my academic pursuits, and I came, instead, to Loma Linda
University.
What a fortunate turn of events! For it was here that
I met Dr. Albert Sanchez of the Department of Nutrition. I
found that he shared with me a burden for those countless
children who were suffering with PCM, and was willing to work 
in a collaborative relationship on the study.
As a nurse doing research in nutrition, there were a
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number of areas where I needed instruction—calculation and
preparation of diets, the use of animals in laboratory inves­
tigation, proceedures for testing the animals, interpretation
of data, and others. In addition to finding funds for the
project. Dr. Sanchez with great patience, gave me guidance
wherever needed. I am deeply grateful for this assistance.
and for the chance to conduct this research which, hopefully, 
will be beneficial to many people.
v
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Magnitude of the Problem
The primary worldwide nutritional problem is protein- 
calorie malnutrition (PCM) of early childhood, and it is 
especially prevalent in Africa and other tropical and sub­
tropical areas.
PCM has been suggested as a generic term to cover the
whole range of mild to severe, classifiable and unclassifiable
manifestations, including the two main severe clinical syn­
dromes of kwashiorkor and nutritional marasmus (39:179). All
are due to a diet low in protein but with different levels of
intake and carbohydrate calories (40:75). Kwashiorkor is most
commonly seen in children one to three years old and is due
to a diet which is very low in protein, and is most often a
post-weaning phenomenon. Nutritional marasmus usually occurs
in children below eighteen months of age and is due to a diet
which is low both in protein and calories.
The effects of PCM are seen to be far-reaching. In the
severe forms, the mortality rate is high. In Uganda, protein
deficiency in young children is a major factor in the high
mortality of preschool children (16:125). A United Nations
International Children's Emergency Fund (UNICEF) report in
1963 pointed out that "high mortality and impairment of growth
in infants and young children have been reported from most
under-developed communities in tropical areas" (75:124).
1
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Although research workers and clinicians have given attention
to PCM for a number of years, these nutritional problems still
remain a great cause of child mortality and morbidity in the
tropics (55:i). The problem is so serious that in some areas.
up to 50 per cent of the children born alive die before they
reach the age of five. Lack of hygiene undoubtedly contributes
to infection and cannot be overlooked. It appears to work
synergistically with malnutrition to produce infant mortality.
Peiper of East Africa was able to ascertain from mothers
the causes of death of 472 children. The largest single cause
was "intestinal catarrh," with "hunger" being the next most 
important cause. He attributed the major cause of childhood
deaths to be directly related to diet. He indicated from his
findings that often up to 60 per cent of the children die
within their first year (51:50).
Even in the lesser forms of PCM the victims are more
susceptible to infection. The World Health Organization
(WHO) recognized that:
In man, the interactions are regularly synergistic— 
malnutrition and infection are mutually aggravating and 
produce more serious consequences than would be expected 
from a summation of the independent effects of the two 
(26:304). ‘
It is believed that "malnutrition directly affects host resist­
ance by interfering with antibody formation, phagocytic activity.
endocrine metabolism and non-specific protective mechanisms"
(26:304). Further,
It has been shown that many infections occur more easily, 
persist longer, and have a much higher mortality rate in mal­
nourished children; while infectious diseases also play an 
important role in the initiation of malnutrition itself 
(40:72).
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The way that children respond to infection is bound up with
the way in which they are cared for and fed (75:124). "The
ill effects of dietary deficiencies are enhanced by infectious 
disease of various kinds and lack of immunity to endemic
disease" (54:200).
In a study done by Yoshida in Mexico City on severely 
malnourished infants, the data suggest "an aberration of
energy metabolism in the leukocytes of severely malnourished 
children which is similar to that previously observed in 
muscle of children with protein-calorie malnutrition" (84:162).
The Purpose of the Study and the Problem
The diet of West African people primarily 
includes cassava, yam, plantain, rice, corn, palm oil, red 
pepper, many kinds of leaves, okra, egusi seed, onions,
Purpose.
tomatoes, black-eyed peas, peanuts, and a variety of fruits.
Although a little animal protein is used in the diet of some,
the greater proportion of food comes from plants. From what
is known about the protein content of many of these plant
foods, a growing conviction emerged that the answer to the
problem of PCM might be found in the West African's own
environment.
That plant proteins should receive consideration is
obvious. It is increasingly being said that "civilized man
is less and less a carnivore; more and more he is a consumer
of grain" (45:686). In addition, " In Africa application of
western cultures to solve local problems encounters more
4
difficulties than elsewhere" (49:2301). For example, in many
tropical areas, it is difficult to rear domestic animals for
meat and milk because of tropical diseases. And some large
areas are considered tsetse fly belts, and cattle cannot live
in these areas.
Since the production of animal protein involves con­
siderable cost in West Africa, vegetable proteins should be 
substituted as far as possible to meet the protein require-
And it is important to note that:
The amount of protein potentially available from 
oilseeds and legumes is of the same order of magnitude 
as that presently available from animal sources, 
existing potential from these plant sources of protein 
would justify their serious consideration (3:471).
ment of the body.
The
Writing about kwashiorkor, Coady emphasized the impor­
tance of legumes as a possible solution. He referred to an
earlier view, drawn from experiments with rats which indicated
that only animal protein could make good the deficiency of
aminoacids in the little protein available in carbohydrate
staple vegetables. He pointed out that this view has become
outdated and that legumes, particularly when mixed, can make
up the lack of protein (20:i).
The purpose of this study was to identify supplementary
foods containing protein with sufficiently high biological
value, which are already known and used by the people of that
area, available in adequate quantities in their local markets.
easily grown even in unfertilized soil, and within the
economic capacity of the people. If foods could be found
which met these criteria, hopefully, a beneficial nutritional
5
program could be formulated.
Three indigenous West African foods—peanuts,Problem.
black-eyed peas, and egusi (melon) seed will be tested as
protein supplements when added to the basic West African diet
In conjunction with this, analysis will beof plant origin.
made on the effect on the gastro-intestinal tract of inter­
action between red pepper and protein utilization in the
West African diet.
Method
The following experiments will be conducted using the
albino rat as the experimental animal to test the value of
protein supplementation:
Various levels of the supplements will be tested1.
separately and in mixtures.
The comparative value of these foods as protein2.
supplements will be demonstrated through the
following observations of the animals: growth
(through weekly weights), food efficiency ratio
(through comparing weight gain to amount ingested),
endurance (through swim tests), organ weights.
and learning (through maze studies).
The effect of red pepper and protein supplements3.
in the West African diet will be tested in the
number and extent of gastro-intestinal lesions.
CHAPTER II
NUTRITIONAL NEEDS AND SUPPLEMENTS
Causes and Incidence of PCM in Africa
Causes. Several factors in West Africa seem to contribute
to the onset of PCM. Among them are lack of food due to
inadequate funds and/or inadequate supply, and food habits.
In most of the developing countries, protein foods from animals
such as meat, fish, milk, and eggs are scarce, or expensive.
or both (81:651).
Further, taboos and tradition still play a very big
part in attitudes to health and nutrition. In many regions.
certain foods are taboo while others are prestige foods.
For example, in Sierra Leone, eggs are not given to children
below the age of five years because they are believed to cause
stealing. In Southern Rhodesia, eggs are believed to cause
baldness and sterility (32:1226). Some items may be eaten
only by one sex, or only at a certain age, and some are only
used at celebrations. )
Also, family structure and food priority seem to be
contributing factors in those societies where age is so
respected that adults, and particularly elderly adults receive
the choice foods, children being fed after the adults have
eaten.
Colis, Professor of Pediatrics at University of Lagos 
(Nigeria) Medical School and Director of the Institute of
Child Health in Lagos pointed out in 1966 that there is almost
6
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no dairy industry in Nigeria and no clean milk supply. Imported
milks are either dried by different methods or evaporated and
are too expensive for the poor mother to buy in sufficient
quantity. The standard weaning food of that area is made
from maise in Southern Nigeria, being prepared by adding
water to maise in a wooden mortar and pounding the mixture.
After the water is poured off, the remaining white powder.
known as 'pap' is later used with water to feed the children.
Most of the protein is poured off during the process, reducing
the original amount from 7 to 8 per cent to 1.5 to 3 per cent.
This, then, seems to be one of the main causes of protein
malnutrition in that country. He thought that the answer to
pap1 is to use a high protein supplement made from indigenous
foods (21:1711).
Sukhatme, in 1961, estimated that the percentage of
calories of Nigerian food derived from starchy roots and
sugars as 74 (41:493).
Maclean reported that Woodruff estimated that among
his pregnant patients in Ibadan, Nigeria, the average intake
of animal protein was one ounce every three or four days
This seems to indicate the possible protein(46:253) .
deficiency even before birth in many children in that area.
Data published by the Foreign Agricultural Service of
the United States Department of Agriculture for countries all
over the world shows that:
In Nigeria and the Congo, many of the calories are 
supplied by cassava and potatoes both of which are low 
in protein, and as a result, protein intakes in these
8
two countries are low both in grams per day and as a 
proportion of calories (38:262).
Williams first noted an association of kwashiorkor
with maize consumption by children between the ages of one
and four years in the Gold Coast, now known as Ghana. "In
all the cases examined, there was a history of deficient
breast-feeding, and the only supplementary foods used con­
sisted of preparations of maize" (1:279).
Incidence. In the area of survey, Nicols, in 1957, did
research on food consumption of seven Nigerian peasant com­
munities. His findings established the incidence of malnu­
trition among those he studies. Studying all ages, he found
that:
Children of age 4-12 years were not given enough 
food to supply their calculated energy requirements, 
even when those over 12 years of age in the same 
community were adequately supplied (58:293).
A questionnaire on the incidence of malnutrition was
sent out in 1960 to all registered medical practitioners in
South Africa. From the 375 replies received it was evident
that malnutrition is extremely prevalent among the Bantu and
Coloured populations, and that their access to milk and other
protective foods is often very restricted (61:504).
In Tanzania in 1965, the nutritional status of 456
children from birth to six years was assessed. It was found
that "protein-calorie malnutrition of the marasmic type was 
widespread, particularly in the second year of life" (17:605).
In Pretoria, South Africa, it was estimated that one
9
out. of every ten Bantu children admitted to the General 
Hospital was suffering from kwashiorkor, and many other milder 
cases were treated as outpatients. In addition, it was noted
that "not less than 20 per cent of all Bantu children admitted
with diarrhoea or pneumonia are judged on clinical grounds to
be malnourished" (24:1148).
Almost 800 preschool children from 6 to 36 months old
were examined in three regions of Tanganyika (now Tanzania).
The data showed that:
The number of children with low bodyweight was
In addi-impressively large (50 per cent and more). 
tion, 4 per cent of the cases in Dodoma District were 
suffering from severe PCM; in Kilimanjaro and Dar es 
Salaam about 2 per cent of the children were severely 
affected (48:224).
A nutritional survey of Hag Yousif (Sudan) revealed
that the diet was deficient in proteins of animal origin.
proteins of plant origin, and fresh fruits and vegetables.
In examination of the children, it was seen that the clinical
features confirmed the nutritional deficiencies. Anemia was
prevalent, and the heights and weights of the children were 
seen to be lower than those of Khartoum and English children
of similar age (85:192).
Two surveys of the health and nutrition of Tutsi
children in the refugee camps at Oruchinga and Nakivali (both
in Uganda) were conducted, the first in 1961 shortly after
their arrival from Rwanda and the second in 1967. It was noted
that no cases of kwashiorkor were seen in either survey, but




The food man eats more markedly and directly influences
his health than any other single aspect of his environment.
In this section, some of the ways in which the health of the
child might be affected by PCM are examined.
Growth and development. Nutritional dwarfing is a
"Arrest in growth is a cardinal andsyndrome of early PCM.
early feature of all forms of PCM and is often first noted as
a flattening of the weight curve during infancy and childhood." 
This was shown in research studies done with large numbers of
Arab children (27:275).
Morley, who has done extensive work with pediatric
nutrition in Nigeria stated that "the health and development 
of a large proportion of African children under the age of
five years is impaired by insufficient food and lack of
essential nutrients" (54:22). He noted failure of growth as
an indicator of impending PCM, and advocated the extensive
use of the weight chart as a warning of the onset of the
disease. The use of such a chart is recommended by FAO and
WHO.
In South Africa, a study was made for six months of
the weights of 152 regular attenders at a weekly Infant Welfare
Clinic in the Bantu Reserve. Their ages ranged from 2 to 24
The figures obtained showed "an appalling degree ofmonths.
undernutrition from which most never recover." It was seen
that "after the age of seven months, the weight curve falls
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well below even the third Boston percentile." It was suggested
that:
The lack of energy, mental drive and moral responsi­
bility which characterize so many Bantu in adult life 
could be traced to chronic undernutrition during the 
important years of growth and development in early 
childhood (43:1156).
Brock pointed out that "in the recently weaned child.
PCM retards tissue maturation as well as growth. Long-
continued PCM is capable, at least in some systems, of
producing irreversible degeneration" (12:877).
In Kampala, Uganda, 152 children who had been treated
for severe protein deficiency were traced and examined six
to eleven years after their discharge. It was concluded that:
An episode of acute malnutrition in early childhood 
does lead to stunting in height and weight 6-11 years 
later, which is more than that produced by the usual 
long-term poor diet of the people in the villages (42:514).
Growth studies were done on the children in Keneba, an
isolated Gambian village. An analysis of the annual growth
records showed a pattern similar to those reported from other
"satisfactory growth during the firsttropical countries:
few months of life followed by severe faltering into the
This was associatedlatter half of the second year of life."
with an increased mortality (76:330).
Other parts of the world have recognized that protein 
is important to the growth and development of their children. 
A study of particular significance to this study was done
with Japanese children. Analysis of heights and weights in
3920 children in Japanese institutions with limited budgets
and limited protein intake for 1959, 1960, and 1961 by Mitchell
w.
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revealed that "41 per cent of the boys and 37 per cent of the
girls were more than 5 per cent below the national averages
in height for their ages" (28:38). Delay in fusion of the
epiphyses was observed by Dreizen and Stone in 127 under­
nourished children as compared with 104 healthy children in
Dreizen, Stone, and Spies reported sub­
stantial lags in height by the third year of age in controlled
Alabama (28:38).
studies on children in chronic nutritive failure (28:38).
The diets of families in Lagos, Nigeria was ascer­
tained, and it was noted that:
The unequal distribution of food within the family 
among rural populations is at least as marked in the 
urban groups, with the consequence that the nutrient 
intake of children falls below recommended levels for 
a number of nutrients.
It was seen further that:
. . . growth is inevitably retarded, and our values 
show that the mean weights of children tend to be below 
English averages, with those of Western children falling 
below those of other regions (50:257).
In a project using 46 weanling male rats comparing
high-protein diets with low-protein diets, the weights of
individual organs indicate the significant weight loss
produced by long term protein deficiency (73:731).
Physical endurance. For a number of years, there has
been an interest in the effect that diet has upon an indi­
vidual's strength, physical endurance, or work performance.
The interest of some has been related to athletic and military
situations. It is also of interest to those who are concerned
with diets of the people in the developing countries, for they
13
are often dependent upon their physical strength for survival.
Related to their interest in pediatrics, Halac and
others did animal experiments in this area. Two groups of
growing rats (strain not indicated) were fed for sixty days
on special diets, one group receiving a high-protein diet 
(64 per cent of its weight as casein) and the other group 
receiving a normal protein diet (27 per cent of its weight
as casein). The rats were placed in a cold (5° C) water bath
and allowed to swim until exhausted. The group on the normal
protein diet produced the best swim times, with a level of
significance p<0.05. No group was tested on a low-protein
diet (33:557).
Beaton and Feleki also investigated the effect of
nutritional state on ability of the rat to swim to exhaustion.
They used adult male rats of the Wistar strain. Following
nine days' provision of a high-protein, high-fat, or high-
carbohydrate diet, rats were made to swim to exhaustion in
Under both ad libitumwater at a temperature of 25-26° C.
and restricted feeding conditions, animals fed the high-
protein diet had the longest exhaustion time, there being no
apparent difference between exhaustion times of animals fed
the other two diets. They concluded from the results of
these experiments that:
It is apparent that provision of a high-protein diet, 
when compared with either a high-fat or a high-carbohy­
drate diet, is of benefit to the rat in respect to the 
length of time it is able to swim before it is exhausted.
However, they pointed out that this observation appears to be
14
in contradiction to the finding of Goshshi who noted that
increasing dietary protein from 0 to 25 per cent of the diet
decreases exhaustion time of swimming mice (7:597).
Further swimming experiments in rats by Beaton and
Feleki were undertaken to ascertain the effect of temperature
stress (water temperature) on the exhaustion time of rats.
One group was fed a high-protein diet and the other was fed
a high-carbohydrate diet.
significant positive correlation between water temperature 
and exhaustion time in the temperature range 10-28° C, but 
at 30° C, rats fed either diet swam indefinitely, 
a beneficial effect on exhaustion time of a high-protein diet
It was observed that there was a
Further,
was observed only in the water temperature range 20-28° C
(6:360) . McArdle and Montoye reported a negative correla­
tion between body weight and exhaustion time in rats made to
swim under conditions similar to this study (6:360).
Crews and others found in their investigations that
growing rats eating a low-protein diet (8 per cent casein)
were markedly stunted but otherwise appeared healthy. They
had a greater capacity for prolonged running than the rats
on the normal protein diet (23:359).
Studies were done on Charles River albino rats (6 male
and 6 female) to ascertain if there was a relationship between
diet and spontaneous activity. Diets were mixed, with the
proportion of carbohydrate, protein and fat varied systemat­
ically. No significant differences were found between sex
or diet groups and activity (71:395).
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Christensen and Hansen, in 1939, have shown with human
beings that the ability to perform prolonged exercise on a
given work load is dependent on the type of diet before
exercise. They concluded that carbohydrates were the most
essential fuel during heavy muscular work. Studies done by
Bergstrom and others in 1967 with nine physical education
students gave results which confirmed this conclusion (10:
140) .
Brain damage. Jelliffe emphasized that the severe
forms of PCM may result in permanent brain damage (40:75) .
Findings in experimental animals suggest strongly 
that, in addition to somatic and biochemical alterations, 
severe malnutrition is capable of producing marked ana­
tomical and physiological changes in the central nervous 
system of various animal species (56:74).
Cowley and Griesel who performed experiments with
second-generation low-protein rats concluded that "concurrent
with the anatomical retardation, there is a retardation in
the functioning of the receptors" (56:74).
Barness and his co-workers experimented with baby pigs.
They showed that protein deficiency caused by feeding grossly
unbalanced diets produces anatomical alterations in the brain
including reduction in number of neurons in all gray matter
(56:74) . Similar changes were reported by Platt and others
(56:74) .
The first laboratory established for the specific
purpose of carrying on research on nutrition and mental
performance is the Laboratory for the Study of Higher Nervous
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Activity, a part of the Russian Academy of Medical Science. 
Andriasov and Makarychev, through their animal experiments.
report a confirmation of the observations that have been
made on children. They re-emphasize the:
. . . significant effects of the protein content 
of the diet on the functional status of the cerebral 
cortex, with both the processes of internal inhibition 
and the intensity of positive reflex being affected 
(56:74).
Sereni and others studied undernutrition and the
developing brain in Wistar strain albino rats. They obtained
data on both hemispheres and brain stem, but the cerebellum
was never included in any of the measurements. Their findings
showed that "there is no doubt that undernutrition has led to
a microcephaly, relatively less pronounced than the decrease
in body weight, but always significant and persistent" (68:254).
Newborn albino rats (strain not indicated) were sub­
mitted to nutritional deprivation by Benton and others in
their efforts to study myelination. They felt that their
findings "Clearly demonstrate that nutritional deprivation
retards myelin formation." They noted that "nutrition alters
the age at which the most rapid synthesis of myelin occurs"
(9:801).
Separate investigations have been done by Sorrony,
Engel, Valenzuela, Nelson and Dean, and de Silva employing
the use of the electroencephalogram as a method for assessing
neural function in severely malnourished children. Abnormal­
ities were noticed in the form, frequency, and amplitude
17
Upon recovery, there is seen a tendency ofof the waves.
these patients to conform more closely to the pattern of
healthy children of similar age (56:74).
It is believed by some that the age of the child may
make a difference as to permanent brain damage. It is felt
that if the child develops PCM before six months of age.
there will be a probable loss in intellectual potential,
while in the older groups the initial deficit will completely
disappear if other relevant factors do not interfere (56:74).
In Chile, fourteen children with severe marasmic
malnutrition were admitted to the metabolic ward of a
The disease had begun in the first months of life.hospital.
They were treated for long periods, then discharged and
followed through visits to the outpatient department, 
discharge, they were given free milk to supplement their
After
The children were assessed at 3 and 6 yearsdiets at home.
of age as to their physical and psychological conditions. 
Although they appeared to be clinically normal and had a
biochemical index of nutrition within normal limits, the
investigators concluded that:
Brain damage in infancy is permanent at least up to 
the sixth year of life, despite improving nutritional 
conditions.
significantly less than the average of Chilean preschool 
children of low socioeconomic state (P<=C0.001) (67:270).
The average I.Q. of the study group was
Also in Chile, studies were done in an effort to
gather information on head circumference and cellular growth
of the brain in normal and marasmic children. The "normal"
population in the study was made up of 3 fetuses and 7 children
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who died of accidents or poisonings or who were products of
therapeutic abortions. Their findings seemed to strongly 
support the validity of using changes in head circumference
as a measure of postnatal brain growth in normal and mal­
nourished infants (83:774).
Nearly 1,100 autopsies were performed on Ugandan 
children from birth to 15 years of age. Body, spleen, liver, 
heart, and brain weights were analyzed. Results were grouped 
by age categories and divided into two groups according to 
whether the final diagnosis indicated malnutrition or not.
It was noted that for each age group, the mean body weight
of the Ugandan children was below the reference standards;
those with malnutrition even more depressed. However, the
mean weights for heart, liver and spleen were heavier in the
non-malnourished Ugandan than in the reference children.
whereas the malnourished Ugandan organ weights were very
close to the reference values. Mean brain weights were
significantly lower in malnutrition as compared with other
Ugandan brain weights and also with the reference. The fact
that the brain/body ratio was elevated in both groups of
Ugandan children above the reference ratio suggests that 
body weight is more depressed than brain weight. The inves­
tigators suggest that the fact that human brain growth
appeared to level off at the age of one year suggested that
certain influences on the size of the brain were operative 
during foetal life and the first year after birth, which was 
before clinical evidence of protein deficiency is commonly noted.
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"These findings imply that the adverse influence of under­
nutrition on brain growth may be present at a critical period,
very early in life" (15:512).
"The vulnerability of the brain during postnatal life 
indicates that the proper nutrition of the newborn child
should have priority in underprivileged countries" (25:808). 
It is not surprising, then, that "economists are beginning to 
appreciate that the most useful way of helping underdeveloped
countries to help themselves is by 'investment in brains i ii
(60:104) .
Psychological evidence. Psychological disturbances are
often observed in the child with PCM. Apathy seems to be a
common finding. Kwashiorkor patients are notorious for their
loss of curiosity and desire for exploration that is seen in
normal children. In fact, renewal of interest and smiling
seems to be one of the first signs of improvement (56:74) .
Rajalakshmi and others in India studied the effect of
dietary protein content on visual discrimination learning and
brain biochemistry in the albino rat. Groups of albino rats 
(no strain indicated), aged 1 month, 6 months, and 12 months
at the start of the experiment, were maintained on diets
deficient in total protein content for 4-6 months after which
they were subjected to periods of psychological testing (Hebb-
Williams maze). The findings were that at all three ages, the 
protein-deficient groups were found to perform less well on
visual discrimination learning than the high-protein groups.
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After sacrifice, a biochemical analysis of the brains showed
that the concentration of certain enzymes in the cerebrum
(glutamate dehydrogenase, glutamate decarboxylase, glutamic-
pyruvic transaminase; glutaminases), as well as the amino
acids glutamic acid, GABA, aspartic acid and alanine, were
found to be significantly lower than in the control animals
(63:261).
Sastry and Visweswara Rao did investigative studies
on rats in an effort to see whether memory and performance 
are influenced by the source of protein in the diet. Using 
albino rats from a highly inbred colony (strain not indicated),
both adult and young animals were tested (125 and 25 days old.
respectively). Maze performance studies were conducted in an
attempt to obtain the desired information. Their findings
were that:
There were no significant differences between the two 
groups in their performances in the maze, which tends to 
point out that under conditions of this study, memory is 
not influenced by source of protein in the diet (64:764).
The Gesell technique was used by Barrera-Moncada in
exploring psychological-test behavior of children who were
severely malnourished. He noticed that performance in all the
fields of behavior which he tested gave lower developmental
scores than the standard calculated for children of similar
age and ethnic group (56:74).
Stoch and Smythe enrolled a group of the most grossly 
undernourished Cape Coloured infants (South Africa) they could 
find and matched them for age and sex with a group of apparently
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well-nourished infants of the same population. Twenty children
from each group had been followed for 11 years, at the time of
the report. All the children were examined at yearly intervals
for height, weight, and head circumference. Psychological
testing was done about every two years. The data provided 
"cumulative and impressive evidence that severe undernutrition
during the first two years of life is associated with a brain 
size and an intellectual development below average" (77:197).
Muscle. Jelliffe indicated that in kwashiorkor, weak.
wasted muscles, with some overlying subcutaneous fat are seen. 
"Muscle is the body's principal store of protein and is used
up by the child developing kwashiorkor as emergency rations
of this nutrient." He further pointed out that in the case
of nutritional marasmus, there will be a very marked wasting
of the child's muscles and also his subcutaneous fat "due to
the fact that the marasmic child has been living on his own
body stores of both protein and calories" (40:78).
Cabak and others studied various responses of young
rats to deprivation of protein or of calories. Sixty male
rats (strain not indicated)were divided into three groups.
each group being fed a different diet. One diet contained
very little protein. Although supplied in unlimited amounts.
the animals did not eat enough of it even to maintain their 
The second diet was a high-protein one, andbody-weights.
was given in restricted amounts. The group which ate this
diet had a mean body-weight which remained the same as that
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of the animals on the first diet. The third group ate a mix­
ture of the two diets, and it was given in unlimited amounts.
The rats eating this diet gained weight, and served as the
controls. It was observed that in the animals on the first
and second diets, the skin, skeletal muscle and liver were
reduced to about half their initial weight, and these organs 
lost relatively more weight than the body as a whole. Further,
the bodies of the animals that had had the low protein diet 
contained more fat and less lean body tissue than those of
the rats that had had the high-protein, low-calorie diet (18:
601) .
Taskar and Tulpule studied the influence of protein
and calorie deficiencies in the rat on the energy-transfer
reactions of the striated muscle. They used four-week-old
albino rats of either sex (strain not indicated). Their
findings indicated that:
Dietary deficiency of protein produced qualitative
The intra­changes in the protein composition of muscle, 
cellular sarcoplasmic protein fraction was significantly 
decreased but extra-cellular proteins were significantly 
increased (74:391).
Six Jamaican infants, aged 8 to 16 months, who were
dying of protein malnutrition furnished sartorious muscle
specimens, obtained at autopsy. All the subjects had features
of kwashiorkor except one child who had shown these signs
some months previously but was recovering when death occurred
from acute gastro-enteritis. Total counts were made of muscle
fibres and sub-sarcolemmal nuclei in transverse section, and
these were compared with controls. The investigator reported
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that he saw a striking pathology in the severe cases. He
described it thus:
The muscle fibre is reduced to a size comparable with
Although there is a greatly increased 
concentration of cells, there is also degeneration and 
actual loss of fibres and of sub-sarcolemmal nuclei.
that of the foetus.
The
proportion of the area occupied by muscle bundles may be 
halved, and there is a marked relative increase in inter­
stitial collagen (53:511).
Red Pepper, A Related Problem in the West African Diet
There appears to be another dietary problem in West
Africa which possibly might be aided by protein supplementa­
tion .
The diet of most of the people in that area is high in
red pepper, including the diets of children who are victims
of PCM. These children, though apparently very uncomfortable
in the beginning, are taught to eat it. Anyone who has worked
in a hospital in that part of the world is well acquainted
with the gastric discomfort, varying from mild to severe, that
many patients of all ages experience. Even taking into con­
sideration the gastric pain which may result from intestinal 
parasites and various bacteria from lack of hygiene, the
question has been asked by many just what, if any, part this
red pepper plays in contributing to the problem. In addition
another question is raised: with better protein nutrition,
could possible harmful effect of red pepper in the diet of
West African children be reduced?
"Capsicum is the dried ripe fruit of 'Capsicum Frutescens
L., Solanaceae', known in commerce as African Chillies. .
(72:203).
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There are other red peppers, hot to the taste, which
seem very much the same as African chili pepper. One of these
is the California Chili pepper, used in this study.
Wilson showed that in restrained Wistar rats, there
is a relationship between the age of the animals and their
susceptibility to gastric ulcer formation, 
ulceration was greater in young male and female rats (6 and 8
"The severity of
In rats older than this.weeks old) than in those 10 weeks old.
significant gastric ulceration did not occur" (82:226).
Sines studied strain differences among rats in stomach
lesion susceptibility, using five strains in the experiment.
He found that "none of the strains studied were more resis­
tant than the stock Sprague-Dawley strain" (70:209).
Fifty patients with active peptic ulcer maintained on
cin-an ulcer regime were given one of the following spices:
namon, nutmeg, allspice, mace, thyme, sage, paprika, caraway
seed, chili pepper, cloves, black pepper, or mustard seed.
The dosage was .05 to .9 grams three times daily with meals.
Only five patientsThey were fed for periods up to 180 days.
developed symptoms during the administration of spices. The 
offenders were: black pepper (two), chili pepper (one),
One of the patientsnutmeg (one), and mustard seed (one). 
with peptic ulcer remained asymptomatic while taking chili 
pepper three times daily for two months but he noticed a
burning sensation and 'heartburn* at the end of the second 
This disappeared when chili pepper was omitted. 
Gastroscopically, it was seen that "chili pepper appeared to
month.
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be a somewhat stronger irritant, producing a moderate hyper-
(65:722).emia of the mucosa"
Efforts in Africa to Overcome PCM
In countries outside West Africa. With a recognition
on the part of many of the tremendous need for aid in preven­
tion and treatment of PCM, efforts continue to be made on the
African continent to utilize various protein supplements.
In Kampala, a mixture is being used which contains 41
parts of groundnut (peanut) flour, 26 of maize, 6 of cotton­
seed oil, 12 of sugar, and 15 of dried skim milk, with a
calorie value of 500 per 100 grams (5:81) .
Brock and others in South Africa demonstrated that
suitable mixtures of essential amino acids have the same
curative effects as complete proteins. They pointed to the
supplementary relationship between the proteins of a cereal
(maize) and of a legume (pea) when given to children (5:82).
Also in South Africa, a commercial food, Pro-Nutro,
It is made from dried skim milk, processedis being used.
full-fat peanuts and soy beans, fish flour, food yeast, wheat
germ, whey powder, bone meal with added iron, iodized salt.
This concentrate isB-vitamins, vitamins A and C, and sugar.
diluted with whole corn or white corn flour which composes
38.5 per cent of the formula; the final product contains 22 
per cent protein and is meant as a protein concentrate (3:471).
In the same area, techniques are being developed by 
state-aided institutions, in particular the National Nutrition
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Research Institute, for the production of cheap and nutritious
"Special attention is given to the use of fish flour.foods.
skimmed milk powder, soya beans and other legumes as possible
supplements to cereal staples" (79:221).
The Ethio-Swedish Children's Nutrition Unit is a joint
venture of the Ethiopian and Swedish governments. Thirty per
cent of the children visiting the clinic suffer from PCM. A
follow-up study of children who have been treated for PCM
revealed that the "long term results are disappointing" (29:
300) . Among other facets of the program, it was reported
that locally available indigenous foodstuffs were being tested
as well as were different food supplementary mixtures (2:89).
Research has been conducted in Egypt on the effect of
about 485 extra calories or of an eguicaloric protein supple­
ment of 20g/day from either an animal (milk powder) or plant
source (peanut-chickpea-sesame 3:2:1 mixture) on the weight
gains and serum proteins. Four months of feeding was studied
on apparently healthy preschool children. It was concluded
that "the mean weight gains on the animal protein supplement, 
though higher than on the plant protein were not statistically
different" (35:238).
In Uganda, it was reported in 1964 that a preparation
was being made from East African-produced dried skim milk.
These "Reinforced Milk Packets" consisted of "dried skim milk,
sugar and vegetable oil, and sealed in small polyethylene
packets." They had a keeping value of at least one year, and
could be used in a reconstituted liquid form for the actual
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treatment of PCM or as a preventative additive to the diet
(56:128) .
In West African countries. In Dakar, Senegal, it was
found that healthy infants from 5 to 12 months old could well
tolerate groundnut flour in their feeding, if given in amounts
of 50 to 80 grams daily. In that area of Africa, biscuits
have been used in supplementary feeding which are composed
of millet flour, groundnut flour, and fish flour (5:82) .
Also in Senegal, a mixture containing sorghum and groundnut
flours, sugar and dried skimmed milk has been tried (40:140).
A commercial preparation containing 85 per cent ground­
nut flour and 15 per cent casein, plus vitamins and minerals
has been useful in supplementing the diets of young children
in Imesi, Western Nigeria. In Northern Nigeria, a 3:1 mixture
of groundnut flour and skim milk powder was found effective
in treating both kwashiorkor and marasmus (5:83).
During the recent war in Eastern Nigeria (formerly
sometimes referred to as Biafra), a mixture of powdered
skimmed milk and powdered egg was used in the nutrition
clinics at Abiriba Joint Hospital. In addition, the mothers
were given demonstrations and lectures on local protein foods
(69:534) .
In Nigeria, "Arlac" is being produced as a low-cost.
high-protein infant food. It is composed of groundnut flour,




Food preparation. Decorticated, roasted egusi seed,
yam flour, and garri (grated, dried cassava root) used in this
study were shipped by air freight from Nigeria, 
the egusi seeds were stored in a freezer, and the other foods
Upon arrival.
were stored in the metal drums in which they were shipped.
Plantain from Mexico was baked in the skins for 75 minutes
at 350°, peeled, and the fruit turned into dough form in a
large electric mixer.
Other foods were obtained locally, and included yellow
corn flour, brown rice flour, powdered California red pepper.
black-eyed pea flour, sugar, grated unsweetened coconut, corn
starch, and powdered onions. Wherever peanuts were required
La Loma peanut butter containing no additives was used. The
commercial product Hi-So-Pro (Loma Linda Foods, Inc.) was used
as the soy bean source for one diet.
The wet foods consisted of baked plantain, tomato puree.
concentrated orange juice, frozen okra, and frozen spinach.
These were mixed and dried in a vacuum oven under reduced
temperature and pressure, and powdered. Mazola corn oil was
substituted for the red palm oil ordinarily used by West
Africans in their diets.
Supplementary minerals were supplied by using Salt Mix­
ture U.S.P. XIV, and supplementary vitamins were supplied by
28
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using Vitamin Diet Fortification Mixture (Nutritional Bio­
chemicals Corporation).
The foods were carefully weighed in grams on a Toledo
balance, and thoroughly blended into a dry homogenous mixture
in a Hobart mixer. The diets were kept refrigerated through­
out the study in plastic-lined gallon cartons.
Diet rationale. A typical week's diet of plant origin
for a West African adult was estimated based on previous
personal experience of the researcher in consultation with a
Loma Linda University student from that area. The major foods
for each of the seven days were listed, and from this, the
per cent contribution of each food in relation to the total
diet was determined. This diet, for the purpose of this study.
was termed the basic West African diet (BWA diet).
Experiment I was conducted for the purpose of testing 
indigenous West African foods and to determine the most appro­
priate level of indigenous protein supplements to the diet.
The basal diet was composed of foods customarily used as 
staples in West Africa—cassava (garri), plantain, yam flour.
corn, and rice (Table LA, page 3 0) . The foods selected as
supplements to the basal diet were black-eyed peas, peanuts.
and egusi seed. The three supplements were tested at three
levels as supplementation to the diets in this experiment
(Table IB, page 31) . These three different levels of each
supplement in the diet were all in a range felt to be within
the limits of normal consumption. One level represented that
3 0
Table 1A
Composition of the Basal Diet 
Experiment I
Basal Diet Percent Contribution
Cassava (garri) 36.0







Composition of Diets Used in 
Experiment I
Experimental Diets*
% Contribution to DietDiet Total % Protein


























































*A11 diets were supplemented with a complete vitamin preparation 
(0.5 percent of the diet) and a mineral mixture U.S.P. Salts XIV (2.0 
percent of the diet). All diets were made to contain 10 percent fat by 
the addition of corn oil and, therefore, these diets were isocaloric.
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amount of a supplement which could be used by West Africans 
if properly motivated to increase their intake. The low level
represented one-half of this estimate, and the high level of
the supplement was three times that of the low level. Combin­
ations of the supplements were also tested. The diet with no
supplementation served as the control diet.
Experiment II was conducted for the purpose of testing
each of the aforementioned protein supplements with the BWA
diet (Table 2A, page 33, and Table 2B, page 34). Because a
28 per cent level seemed to prove more effective than other
levels in Experiment I, based on growth response in relation
to amount of added protein supplement, the same level of
supplementation was used for the three supplements to the
In addition, four diets were tested which were combi-diets .
nations of the supplements, each totalling 28 per cent supple­
mentation. And one diet was tested with soy at the same
protein level as the other supplements, although this food
is not yet used in the ordinary West African diet.
Experiment III was conducted for the purpose of studying 
the possible effect of red pepper as used in the African diet 
on the gastro-intestinal tract in relation to protein utili- 
The two diets in this experiment contained the basalzation.
diet supplemented with peanuts, as in Experiment I. They were
identical except that 2 per cent red pepper was added to one
of the diets while 2 per cent dextrin was used in the other.
The latter served as a control diet (Table 3, page 35) .
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*These percentages are based on the proportions per week of 
foods which are ordinarily eaten.
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Table 2B
Composition of Diets Used in 
Experiment II*
% Contribution to Diet Total % ProteinDiet
4.5313 BWA diet 97.5
14 BWA diet 
+Black-eyed peas








16 BWA diet 
+Egusi


















19 BWA diet 
4-Black-eyed peas 
4-Egusi
20 BWA diet 
4-Peanuts 
4-Egusi








*A11 diets were supplemented with a complete vitamin 
preparation (0.5 percent of the diet) and a mineral mixture U.S.P. 
Salts XIV (2.0 percent of the diet). All diets were made to contain 
approximately 10 percent fat by the addition of corn oil and, 
therefore, these diets were isocaloric.
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Table 3
Composition of Diets Used in 
Experiment III










































The albino rat has become the most widely used animal
for laboratory investigation. It is used extensively in place
of human beings for several reasons: it is less expensive.
it requires a small amount of space, and generations are
produced in a short time span. In addition, large numbers of
rats can be readily standardized as to genetic composition as
well as age and sex and thereby, researchers can compare their
results. For esthetic and moral reasons, some research could
not be conducted were it not for laboratory animals. Many of
the basic concepts in nutrition were first developed with
experimental animals.
Male, weanling Sprague-Dawley albino rats were used in
the three experiments of this study. They were secured from
Simonson's Laboratories, Berkeley, California. The animals
were housed in individual raised-bottom cages in a room of
constant temperature of 78° F and a relative humidity of
The lights were automatically turned on at40-50 per cent.
Each animal received7:00 A.M. and off at 7:00 P.M. each day.
food and tap water ad lib. Fisher porcelain food cups were
used, and food loss was minimized by placing these conicles
in jars.
Experiment I was composed of twelve groups of five
animals per group. Each group was given a different diet upon
arrival. Animals were allotted to each group so that the mean 
weights ranged from 51.0 to 56.0 grams.
Experiment II was composed of nine groups with ten
37
Each group was given a different diet uponanimals per group.
arrival. Animals were allotted to each group so that the mean
weights ranged from 44.0 grams to 44.2 grams.
Experiment III was composed of two groups with ten
animals per group. Each group was given a different diet upon
arrival. Animals were allotted to each group so that the mean
weights ranged from 44.6 to 44.8 grams.
Criteria of Protein Nutriture
The growth rate method was the only test employed to
study all the animals. Other parameters used in these studies
were food efficiency ratio, physical endurance, stress and
gastric lesions, organ weights, and learning ability.
This is one of the most simple and acceptableGrowth.
tools available as a nutritional status index. Since growth
repression is one of the chief characteristics of PCM, growth
in the animals was used as a primary criterion of protein
nutriture. Growth was measured by weekly weights and the
studies were conducted for four weeks on Experiments I and II,
and for three weeks on Experiment III.
Food efficiency ratio. This is a measure of the amount
of weight gain in relation to the amount of food eaten. It is
obtained by dividing the average gain by the average amount of
food ingested. This was calculated for a two-week period on 
Experiment II and for a three-week period on Experiment III.
Swim test. At the end of the last weighing, each rat
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in Experiment I was allowed to swim to the point of exhaustion
in a stainless steel bucket with clean water at 74° F. This
was for the purpose of relating diet to physical endurance.
When the rat could no longer remain above water, it was placed
in its cage, and the swim time on a stop watch was recorded.
The same test was conducted on groups 13 and 17 of
Experiment II. The only variation was that 10 per cent of
the body weight was attached to the base of the tail to reduce
the swim time.
Stress test and weights of organs. At the time of
sacrifice of the animals in Experiment I, a euthanasia solu­
tion was injected into each animal intraperitoneally. The
dosage was 0.5 c.c. of the solution "Euthanal-D" which con­
tained Sodium Pentobarbital 26 per cent. Isopropyl Alcohol
10 per cent, and Propylene Glycol 20 per cent. Upon death,
the brain and the gastrocnemius muscle from the right hind
leg were removed and weighed.
Selected groups from Experiment II and those of Experi­
ment III were deprived of food for a period of 24 hours in the
They were then placed in quantitative volume-stress test.
restricted stress cages for an additional 24 hours without
The stress volume used for the animals inwater or food.
Experiment II was 1.42 ml. per gram of body weight, and that
used for the animals in Experiment III was 1.5 ml. per gram
of body weight.
When the stress period was concluded, the stomach.
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esophagus, and duodenum were removed under deep surgical ether
anesthesia. The stomach was carefully opened along the greater
curvature, washed with tap water, and pinned to styrofoam
It was viewed under the dissecting microscope at 2X,blocks.
and examined for lesions, engorgement, and other indications
The lesions were counted, and the area wasof pathology.
measured by an optic micrometer. At the same time, the stomach.
liver, kidney, heart, right hind gastrocnemius muscle, and
intestine from animals of groups 13 and 17 of Experiment II
were excised and weighed.
The stress cages used were designed at Loma Linda
University for similar studies by Drs. B. E. and M. V. Baldwin.
Each cage was composed of two sheets of 1/4 inch of lucite.
size 12" x 7". Holes 3 mm. in diameter were punched in a
matrix in each sheet. This was in order that stainless steel
rods of the same diameter could serve to hold the sheets
together. These, then, formed the top, bottom, and ends of
the restraint space. With such an arrangement, easy adjust­
ment was allowed for the desired height, width, and length.
The purpose of this study was to test theMaze study.
It was of woodenrelationship between diet and learning.
construction, with each section enclosed with wire mesh. The
animals tested were from Experiment II: group 13 (unsupple­
mented diet) and groups 17 and 18 (diets of protein supple-
Phase I was a linear maze, used for thement mixtures).
purpose of conditioning the animals. Phase II (Appendix:
Figure 9) constituted the test.
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The linear maze was 7 inches wide, and consisted of a
runway 28 inches long, with a start and goal box each 12 inches
long. During Phase I, the animals were fasted for 12 hours
prior to beginning this phase. A sliding door was gently
lifted to allow the animal to leave the start box, and a
sliding door was gently closed in the goal box after the
animal entered it. If, after fifteen minutes the animal did
not move from the start box, he was removed. Animals were
allowed a five minute period to eat precision pellets as a
"reward" in the goal box. The time to reach the goal was
determined with a stop watch. The animals were tested twice
in a sequential order, one from each group being tested alter­
nately .
During Phase II, the animals were allowed to eat only
two hours of each 24 hours, but water was allowed ad libitum.
The hours for feeding were 5:00 P.M. to 7:00 P.M. There were
five decision points, at which the animal had the choice to
proceed directly toward goal box, or to go into a blind alley.
The data collected was running time from start box to
goal box, errors, retracing errors, and number of "sitters"
(animals that did not leave start box or that did not reach
their goal). An error was counted if a shoulder (or more)
crossed a designated point in a forward but erroneous direc­
tion toward goal box. Similarly, a retracing error was
counted if the animal moved in a direction away from the goal
The animal was removed if there was a lapse of 30 minutesbox.
in the start box or after it left the start box en route to
the goal box.
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During the first three runs of Phase II, precision
pellets were used as the food in goal box, just as was used
in Phase I. In the last three runs of Phase II, the African
diet was placed near the start box to increase motivation and
this food, together with precision pellets, was placed in the
goal box. The time allowed each animal in start box and between
the start and goal box was reduced in the last three runs from
30 minutes to 10 minutes.
The criteria for these studies were:
Number of errors and retracing errors committed.1.
The time taken to reach the goal box.2.
Number of animals that did not leave start box or3.
that did not reach their goal.
The majority of animals were not sufficiently motivated
to reach their goal and receive food even after a 12 hour fast.
Therefore, the data was not considered satisfactory to submit
to statistical analysis.
It is possible that the animal's own food to which it
was accustomed might provide a better incentive to reach the
goal box. Better results might be obtained if the animals
are deprived of food longer than the method used in this study. 
Consideration might also be given to deprivation of water 
instead of deprivation of food, or a combination of both.
instead of food deprivation alone.
Analysis of Data
Following collection of data, it was compiled and
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transferred to data processing cards, and submitted to statis­
tical analysis.
For Experiment I, a regression analysis was done, 
relating the level of each supplement to growth, brain weight,
A regression analysis was also done rela-and muscle weight.
Further,ting each of the supplements to endurance (swim test).
the animals were divided into two groups: those that swam
Usingunder 60 minutes, and those that swam over 60 minutes.
the "t" test, the mean body weight, mean brain weight, and
mean muscle weight was compared between the two groups. In
addition, correlation coefficients were obtained for growth
versus brain weight, growth versus muscle weight, and brain
weight versus muscle weight.
For Experiment II, a "t" test was done comparing diets
blood, mucous, sacrifice13 and 17 on the following variables:
weight, lesion, lesion area, stomach, liver, kidney, heart.
It will be remembered that diet 13muscle, and intestines.
was the BWA unsupplemented diet, while diet 17 was supplemented
with black-eyed peas 7.54 per cent, peanuts 5.16 per cent, and
In addition, a one-way analysis of vari-egusi 8.63 per cent.
ance was done on swim time of the animals tested in this
experiment. And an analysis of variance for a factorial 
design was performed, testing the effect of the three supple­
ments on growth.
For Experiment III, a "t" test was done comparing the
two diets on the following variables: growth, blood, mucous.




Table 1A, page 30/ and Table IB, page 31/ show the diets
which were fed in Experiment I. Table 1A shows that the major 
portion of the diet was cassava 36 per cent and yam flour 34
per cent, with plantain, rice, and corn contributing lesser
amounts to the total diet. This mixture was termed the basal
for the diets in Table IB supplemented with black-eyed peas, 
peanuts, or egusi seed, or a combination of these. The per
cent protein of the basal unsupplemented diet was 2.9 per 
cent, a level of protein extremely low for the rat. The
optimum protein level for the rat is approximately 16 per cent
of the diet (30:85).
Estimates were made as to the assessment of each sup­
plement a person could be induced to eat and, therefore, each
supplement was not added to the diet at the same level. In
other words, it was thought that it would be easier to
encourage the eating of peanuts more than the eating of egusi
seed and black-eyed peas. Consequently, the level of supple­
mentation for peanuts is much higher than for the other
Inadvertently, an error was made in the cal-supplements.
culation of black-eyed peas and the level was lower than
desired. Growth differences between the diets with different
supplements may be partly explained on the basis of the level
of supplementation and amount of dietary protein.
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Growth. Table 4, page 50, shows the growth for four weeks
of animals on the various diets. This is shown graphically in 
As might be expected, the basal diet which was veryFigure 1.
low in protein did not maintain the weight of the animals. 
Supplementation of the diet with black-eyed peas and egusi
seed at the low level was not adequate to maintain growth. 
All other diets were able to maintain the original weights
Animals on diets containing at least 8 perof the animals.
cent protein had a mean growth rate of over 50 grams for the
four-week period, except one egusi supplemented diet. It may
be that egusi seed is less capable of supplementing the basal
diet. Another explanation is that it may contain a factor
that inhibits growth in animals. Consequently, egusi seed
was heated for the remainder of the study.
The results of the present experiments demonstrate that
the level of dietary protein is associated with a marked
increase in growth of animals. For peanuts, 28 per cent of
the diet, or approximately 37 per cent of the total calories
from peanuts was found to be the best level for rat growth. 
It is interesting to note how this compares with others who
are supplementing diets in West Africa. Extensive feeding
trials in Dakar, Senegal, have shown that peanut flour as a 
protein supplement was best digested in quantities not exceeding
50-80 grams daily for infants from 5 to 12 months old, but
that larger quantities were poorly digested and produced poor
weight increases (5:82). This is approximately 41 per cent
of the total caloric recommended allowance in the United
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States (57:back page insert). On the other hand, good results
have been reported using high levels of peanuts in infant 
preparations. A commercial product containing 85 per cent 
groundnut (peanut) flour and 15 per cent casein, with vitamins
and minerals significantly increased weight in 9 months old
children in Imesi, Western Nigeria (5:83). In Northern
Nigeria, a 3:1 mixture of groundnut flour and skim milk powder
was found effective in treating children with protein-calorie
malnutrition (5:83). And in Nigeria also, an infant food
'Arlac' is available as a commercial preparation, composed of
groundnut flour with 25 per cent dried skim milk (40:140).
In the present study, not all protein supplements were
equivalent in quality or in their supplementary value to the
basal diet, as shown graphically in Figure 2, page 52. For
example, diet 10 (Table 4, page 50) contains 11 per cent
protein but produced only 13 grams gain in rats, while diet
5 with 6 per cent dietary protein produced 30 grams growth
during the same time period. Therefore, in evaluating diets.
the quality as well as the quantity of protein must be
considered.
Endurance, muscle weight, and brain weight. Table 5,
page 53, shows the swim time, muscle weight and brain weight 
of individual animals given the supplemented or unsupplemented
Table 6, page 54, shows that the level of thebasal diet.
supplement for egusi, black-eyed peas, and peanuts was signif­
icantly related to growth, brain weight, and muscle weight
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except in the case of black-eyed peas, which was not signifi­
cantly related to brain weight. In addition, growth was
directly related to brain weight and muscle weight, and
muscle weight was directly related to brain weight for egusi
and peanuts, but not for black-eyed peas.
Figure 3, page 55, shows the correlation between brain 
weight alone and supplement levels of peanuts, egusi, and 
black-eyed peas (with respect to the 1.0 supplement level 
corresponding to peanuts 24.5 per cent, egusi 7.3 per cent, 
and black-eyed peas 6.6 per cent supplements to the diet).
It was found that supplements of peanuts and egusi but not 
black-eyed peas were significantly correlated with brain
Figure 4, page 56, shows the correlation betweendevelopment.
muscle weight and each of the same supplements at the same
level as in Figure 3, page 55. Muscle mass was directly
correlated with the level of all these supplements.
Table 7, page 57, shows that when all the diets were
pooled together statistically, there was a highly significant
direct relationship between growth and brain and muscle weights.
as well as between brain and muscle weights.
Table 8, page 58, shows that supplementation of the 
diet with peanuts alone significantly increased physical 
stamina of animals, but black-eyed peas and egusi did not.
A possible reason might be that the latter two protein supple­
ments were at too low a level in the diet.
These findings regarding the relationship of diet and
developing muscle are consistent with other studies. The
protein content of the unsupplemented diet was 2.9 per cent.
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which is far below that essential for growth and development
of animals. Cabak and others demonstrated that there was
significant reduction in skeletal muscle size in rats on
restricted protein intake (18:601). In addition, Taskar and
Tulpule showed with rat experiments that "dietary deficiency
of protein produced qualitative changes in the protein com­
position of muscle" (74:391). Autopsies performed on six
Jamaican infants, aged 8 to 16 months, who were victims of
protein malnutrition showed that the muscle fibres were
reduced to a size comparable to the fetus, and that there
was degeneration and actual loss of fibres and of sub-sarco-
lemmal nuclei. The proportion of the area occupied by muscle
It is of interest tobundles appear to be halved (53:511).
note that the minimum protein requirement for children under 
five years old is less than 5 per cent of the total calories
in the form of protein. Similarly, the minimum protein
requirement for adults is slightly greater than 2 per cent
(13:61).
The findings of this study regarding the relationship 
of diet to physical endurance are in accord with the findings
Beaton and Feleki did swim experimentsfrom other studies.
on rats and demonstrated the value of the protein content of
the diet in relation to their ability to remain above water
Halac and others demonstrated through swim test(7:597).
experiments with rats that those on a normal protein diet
were able to swim longer than those on a high protein diet
From the present study with African foods, the(33:557).
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level of dietary protein appears to be important both for
muscle development and physical endurance.
The findings of this study show the direct relationship
between diet and brain size, and these data are consistent
with the work of other investigators. Sereni and others
demonstrated in rats that undernutrition leads to significant
and persistent microcephaly (68:254). Harness and others
demonstrated with baby pigs that protein deficiency reduced
the number of neurons in all gray matter (56:74). Benton
and others demonstrated in experiments with newborn albino
rats that nutritional deprivation retards myelin formation
(9:801). One thousand autopsies on African children revealed
mean brain weights were significantly lower in malnutrition
(15:512) . Rosso and Winick recently reported that during the
first year of life, undernutrition in humans results in a
smaller brain containing a reduced number of cells (31:495).
In relation to this, it is interesting to note the 
findings of investigators who have explored the relationship
of diet to brain function. Cowley and Griesel showed through
second-generation low-protein rats that "concurrent with the
anatomical retardation, there is a retardation in the func­
tioning of the receptors" (56:74). Separate investigations
by Sorrony, Engel, Valenzuela, Nelson and Dean, and de Silva
employed the use of the electroencephalogram as a method of
assessing neural function in severely malnourished children.
They noted abnormalities in form, frequency, and amplitude
In Chili, fourteen children with severeof the waves (56:74).
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marasmic malnutrition were followed for several years for
physical and psychological assessment. It was noted that
several years after the onset of the disease, their mean I.Q.
was significantly less than average Chilean preschool children
of low socioeconomic state (67:270). Cravioto and others
studied children in Guatemala 6-11 years of age. They inves­
tigated intersensory organization as an indicator of neuro-
integrative development. They concluded that "there can be
little doubt as to the fact that there is evidence of delayed
neurointegrative development in those children at nutritional
risk who have grown poorly" (22:319).
Table 9, page 59, shows the effects of growth, brain
weight, and muscle weight of swimmers and nonswimmers. It
was found that animals that swam under sixty minutes had a
significantly lower growth rate, brain weight, and muscle
weight than those that were able to swim sixty minutes or
longer. These data demonstrate that animals that do not grow
well also have a decreased brain growth and loss of physical
This is the first study known to show a directendurance.
relationship between body, brain, and muscle in the same
animals.
Table 4
Growth, Four Weeks 
Experiment 1
Total 
% Protein 1st Week
Diet Diet 
Group Description
Mean Gain Mean Gain Mean Gain Mean Gain Mean Gain
2nd Week 3rd Week 4th Week Total
Basal diet* 2.94 -3.4 gms. -1.0 gms. -2.0 gms.-1.2 gms. -7.6 gms.1
Basal
+Black-eyed peas 3.30% 3.58
Basal
+Black-eyed peas 6.61% 4.22
Basal














+Black-eyed peas 9.55% 
+Peanuts
2
-2.8 gms. +1.8 gms. -0.2 gms. -1.8 gms. -3.0 gms.
3
-0.8 gms. +1.4 gms. +2.4 gms.+1.8 gms. 0
4
+3.0 gms. +3.0 gms. +2.2 gms.+1.7 gms. +9.9 gms.
5
+9.0 gms. +7.8 gms.5.76 +2.2 gms. +30.4 gms.+7.8 gms.
6
8.61 +10.4 gms. +11.4 gms. +14.4 gms. +15.2 gms. +51.4 gms.
7
+14.0 gms.11.30 +20.7 gms. +15.7 gms. +18.2 gms. +68.7 gms.
8
4.06 -3.8 gms. -4.8 gms.-1.7 gms. -0.2 gms.+1.0 gms.
9
-2.8 +4.0 gms.+1.0 gms.5.00 +2.2 gms. +4.4 gms.gms.
10
+4.5 gms. +6.2 gms.-3.2 gms.10.98 +5.5 gms. +13.0 gms.
11
17.75% 8.83 +12.8 gms. +20.4 gms. +13.0 gms. +17.6 gms. +63.8 gms.
12 Basal




4.20% 9.00 +15.5 gms. +19.0 gms. +15.7 gms. +53.0 gms.+2.7 gms.
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FIGURE 2
CORRELATION BETWEEN GROWTH AND SUPPLEMENT LEVEL OF PEANUTS, 
EGUSI, AND BLACK-ETED PSAS (WITH RESPECT TO THE 1.0 SUPPLEMENT 
LEVEL CORRESPONDING TO PEANUTS 24.56#, EGUSI 7.35#, AND BLACK- 
ETED PEAS 6.<61# SUPPLEMENTS TO THE DIET.)
EXPERIMENT I
Table 5
Swim Time, Muscle Weight, and Brain Weight 
Experiment 1
Rat Body Wt. Swim Time Muscle Wt. Brain Wt.
Diet No. (grams) (Seconds) (grams)
Rat Body Wt. Swim Time Muscle Wt. Brain Wt. 














50 3782 2 141 1.46
350 1443 3 1.44


















48 4142 2 45 385










































40 5653 1 9 1 66 450
64 12,8402 562 562
6753 50 663 500
4 63 1,555 4 48 355
545 755 685 382
60 4814 1 10 1 79 800
44560 642 2 640
3353 57 3 36253
4 60268 4 44772
5 5



















































4 100 4 143
1065 5 107







*Still swimming at the end of the test.
Table 6
Relationships Between the Level of Each Supplement to the 




p2rlVariables r rP. P
Level^ vs. Growth 
Level vs. Brain Weight 
Level vs. Muscle Weight 
Growth vs. Brain Weight 
Growth vs. Muscle Weight 
Brain Weight vs. Muscle Weight
<.0001.923 .878 <.0001 .955 <.0001








.769 .082 .751 <.0005N.S.
"'’Correlation Coefficient 
2Level of Significance 
3
Supplement provided at three levels, all in a range felt to be within the 
limits of normal consumption. One level represents that amount of a supplement which 
could be used by West Africans if properly motivated to increase their intake. The low 
level represents one-half of this estimate, and the high level of the supplement was 
three times that of the low level. The medium level of supplementation for black-eyed 
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FIGURS 3
CORRELATION BETWEEN BRAIN WEIGHT AND SUPPLEMENT LEVEL OP 
PEANUTS, EGUSI, AND BLACK-EYED PEAS (WITH RESPECT TO THE 
1*0 SUPPLEMENT LEVEL CORRESPONDING TO PEANUTS 24.56#, EGUSI 
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FIGURE 4
CORRELATION BETWEEN MUSCLE WEIGHT AND SUPPLEMENT LEVEL OF 
PEANUTS, EGUSI, AND BLACK-ETED PEAS (WITH RESPECT TO THE 
1,0 SUPPLEMENT LEVEL CORRESPONDING TO PEANUTS 24.56#, EGUSI 




Relationships Between Weights of Body, Brain, and Muscle 






Growth vs. Brain Weight .778 p < .0001
Growth vs. Muscle Weight p< .0001.937
p< .0001Brain Weight vs. Muscle Weight .753
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Table 8













Growth, Brain Weight, and Muscle Weight 
of Swimmers and Nonswimmers 
Experiment I
Nonswimmer^Variables Swimmer
10.13 + 3.472 52.00 + 4.423**Growth gain, g
++ .0161.29Brain, g .015*1.37
+ +Muscle, g 0.12 .006 .21 .008**
^The nonswimmer group included rats that swam less than sixty 
The swimmer group included rats that swam more than sixtyminutes. 
minutes.
2 + standard error of the mean.
3




Table 2A, page 33, gives the composition of the Basic
West African diet of plant origin, showing the per cent con­
tribution of each food. It is based on the proportions per
week of foods which are ordinarily eaten, 
fish, dairy products, and eggs consumed by West Africans in
The amount of meat.
many areas is very minimal, and therefore, they are not 
considered among the staples in the week's menu of this study.
Table 22 (Appendix) shows the botannical names of the foods
in Table 2A, page 33.
In Table 2B, page 34, will be seen the composition of
the diets for Experiment II, unsupplemented and supplemented.
together with their protein content. It will be noted that
the unsupplemented diet is low in protein, having only 4.5
per cent, while the per cent protein in the supplemented diets
range from 8.5 to 11 per cent.
The nutrient content of the BWA diet is given in Table
23 (Appendix), showing the comparison of this diet with the
recommended U. S. dietary allowances from the National Research
Council. In comparison to the recommended dietary allowances.
the BWA diet is found to be very low in protein for all ages
when the diet provides the adequate caloric intake, 
and niacin are adequate, while calcium and riboflavin are low.
Thiamine
Iron and ascorbic acid are marginal, while Vitamin A is very
high. The explanation for the high Vitamin A content is that
the red palm oil customarily used by West Africans is high
in Vitamin A. It is possible that deficiencies other than
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protein are present in West Africa as is seen in other areas
of the world where multiple deficiencies occur simultaneously.
Growth and food efficiency ratio. Table 10, page
shows the mean growth per week of the various diet groups.
The data illustrates that growth rate of animals on the West
African diet is markedly improved by any one of the various
This is shown graphically in Figure 5, page 65. 
Table 11, page 66, shows the results in mean growth of single
supplements.
and multiple combinations to the diets. Diets containing only
one of the supplements elicited approximately 25 grams of
growth for this period. Any combination with egusi and peanuts
gave approximately 35 grams growth. But best growth was 
observed with peanuts and black-eyed peas, or black-eyed peas
and egusi. Any supplement or combination of supplements
resulted in a highly significant increase in animal growth.
Furthermore, the addition of any one of the supplements to
the unsupplemented diet or to diets supplemented with one or
more of the other two supplements resulted in a significant
increase in growth rate (Table 12, page 67) .
These data show that it is possible to improve the West
African diet by the single addition of more peanuts, black-
eyed peas, or egusi seed in greater quantities than are
customarily used in the West African diet.
The efficiency of utilization of the diet (Food Effi­
ciency Ratio) was also markedly improved by the supplements, 
regardless of which one was used, egusi being the poorest one
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The data is graphically shown in Figure(Table 13, page 68).
6, page 69.
The swim times of individual animals fromEndurance.
four diet groups are shown in Table 14, page 70. 
noted that the swim time in this Experiment is shorter than 
the swim time in Experiment I because animals had weights 
equivalent to 10 per cent of the body weight attached to the 
The results of the study show that when the Basic West 
African diet is supplemented with any of the three supplements— 
black-eyed peas, peanuts, or egusi seed, there is a highly 
significant increase in the physical endurance of animals.
It will be
tail.
The -physical endurance and growth development of animals 
(Table 15, page 71) are directly related. These findings are
highly relevant to such areas of the world such as the devel­
oping countries in Africa where survival may depend upon
physical stamina. A slight improvement of the diet markedly
increased the development of the animal.
Organ weights and gastric pathology. After a 48-hour
fast and volume restriction of the animals in two diet groups.
the weights of organs were determined. These are given in
Table 16, page 72. The individual evaluation of gastric
pathology of these animals (following the same 48-hour fast
and volume restriction) is shown in Table 17, page 73. The
mean values and statistical analysis of these data is given
in Table 18, page 74. There is no significant difference
between the supplemented and unsupplemented BWA diet with
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respect to blood, number of lesions, or lesion area. There
was a significant difference with respect to mucous, sacrifice
weights, and weights of stomach, liver, kidney, heart, muscle.
and intestine. This difference in organ weights correlates
with the study done by Svoboda and others in which they 
demonstrated in 46 weanling rats that individual organs had 
a significant weight loss following protein deficient diets
(73:731).
These studies show that a diet very low in protein such
as the unsupplemented Basic West African diet was unable to
support the synthesis of mucoproteins which protect the lining
This was associated with decreased weightsof the stomach.
of the stomach and intestines. The incidence of lesions and
lesion areas was greater in the unsupplemented group, although
not significantly so.
Table 10





% Protein 1st Week
Mean Gain Mean Gain Mean Gain Mean Gain Mean Gain
2nd Week 3rd Week 4th Week Total













+Black-eyed peas 12.21% 
+Peanuts 9.83%
BWA diet








4.53 -0.4 gms. +1.5 gms. +0.5 gms. +1.9 gms. +3.5 gms.
14
8.88 +4.0 gms. +5.9 gms. +5.2 gms. +9.1 gms. +24.2 gms.
15
8.43 +2.8 gms. +4.6 gms. +7.1 gms. +10.9 gms. +25.4 gms.
16
+3.6 gms.10.20 +3.3 gms. +6.9 gms. +10.0 gms. +23.8 gms.
17
+4.5 gms. +6.1 gms.10.37 +13.4 gms.+11.8 gms. +35.8 gms.
18
8.60 +9.2 gms.+5.9 gms. +12.4 gms.+13.1 gms. +40.6 gms.
19
+4.0 gms.9.76 +8.2 gms. +16.8 gms. +42.1 gms.+13.1 gms.
20
+3.5 gms. +11.4 gms.9.33 +5.0 gms. +12.5 gms. +32.4 gms.
21
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Mean Growth of Animals on the Different 













Mean Growth of Animals with Respect to Presence 
or Absence of Peanuts, Black-eyed Peas, or Egusi 




Black-eyed Peas 21.3 35.7*
23.4Egusi 33.5*
*Significantly different from unsupplemented diet p< .0005.
Table 13
Food Efficiency Ratio, Two Weeks 
Experiment IT
Diet Group Diet Description Total Protein Mean Gain Mean Amount Ingested FER*













+Black-eyed peas 12.21% 
4-Peanuts 9.83%
BWA diet







4.53% 2.4 grams 76.1 grams .03
14
14.3 grams8.88% 111.1 grams .12
15
8.43% 18.0 grams 106.4 grams .16
16
10.20% 16.9 grams 163.6 grams .10
17
10.37% 25.2 grams 139.8 grams .18
18
8.60% 25.5 grams 145.4 grams .17
19
9.76% 29.9 grams 146.5 grams .20
20
9.33% 23.9 grams 128.6 grams .18
21
10.74% 34.1 grams 156.9 grams .22































Swim Time,* Experiment II
Diet Rat Number Time in Seconds
13 Basic West African 





















































*Weights equivalent to 10% of the body weight were attached to tail.
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Table 15
Effect of Supplements to the Basic West 
African Diet on Swim Time in Animals 
Experiment II
Swim Time (Seconds) Mean Growth (Grams)Diet
141 t 25113 3.5
Basic West African 
(BWA) diet











799 + 43* 53.8**21
BWA diet 
+Soy 14%
1 + standard error of mean.








Rat Wt. Before Wt. After 
No. Stress^ Stress Stomach Liver Kidney Heart Muscle Intestine
13 1 431 38 0.30 1.47BWA diet 0.250.29 0.05 1.50
45 0.613 53 2.00 0.29 0.08
0.08
0.31 1.70

























43 389 1.53 0.31
17
0.5674 2.74 0.3682 0.151 0.37 2.96BWA diet
+Black-eyed peas 
+Peanuts 66 0.50 2.99 0.36
0.41
0.35 0.152 77 1.99
2.9460 0.55 1.863 0.30 0.1273













64 0.34 0.1276 1.108
2.48 0.36 0.1062 0.52 0.33 1.929 70
1Basic West African Diet




Blood, Mucous, and Gastric Lesions Following a 24-Hour 
Fast and 24-Hour Fast with Volume Restriction of Rats
Experiment II






Basic West African 
(BWA) diet 1 3+ 0 12 900
3 0 0 3 2700
4 0 0 0 0
4+ 14365 0 59
6 24 11803+ 0
4+ 0 21607 27
8 0 0 00
9 0 0 0 0
17
BWA diet
+Black-eyed peas 7.54% 
+Peanuts 5.16%
+Egusi 8.63% 0 01 0 0





8 0 03+ 0
0 09 1+ 0
^Blood: l+=minimal, barely present; 2-3+=intermediate; 
4+=maximum or excessive.
2Mucous: l+=scanty; 2-3+=intermediate; 4+=extremely heavy.
3Lesions: Any loss of mucosal tissue irrespective of depth.
4
Total Area: Size of the lesion area, measured in square
millimeters.
Table 18
Effect of Level of Dietary Protein Together with Volume-Restriction 
Stress and Fasting on Gastric Pathology and Tissue Weights
Experiment II

















p < .002 
p< .0001 
p < .0002 

























^Basic West African Diet with spices. Unsupplemented diet contained 4.53 percent 
protein, while the supplemented diet contained 10.37 percent protein. Supplementation was 
provided by black-eyed peas 7.54 percent, peanuts 5.16 percent, and egusi 8.63 percent.




In Table 3, page 35, is given the composition of the 
two diets used to determine the effect of red pepper in the
diet. Both were the basal diet containing West African
staples, and an equivalent amount of protein. The only 
variable was the absence or presence of red pepper.
Growth and food efficiency ratio. Table 19, page 76
gives the mean weight gain of these animals and shows no
significant difference between the two groups, even though 
the spice group tended to grow less rapidly, 
graphically in Figure 7, page 77.
This is shown
Also, Figure 8, page 78,
shows that there was little difference in the Food Efficiency
Ratio.
Gastric pathology. Table 20, page 79, shows the body
weight at the time of sacrifice, together with individual 
gastric pathology following food and volume restriction of 
Table 21, page 80, shows the results of thethe animals.
data in Table 20, page 79. There was no significant difference
in any variable studied whether the diet had red pepper or not.
Since these experiments were of relatively short duration.
further studies should be done to determine what the prolonged
effect of spices on the animals may be.
Table ’19







% Protein 1st Week
Mean Gain Mean Gain Mean Gain Mean Gain 











13.4 gms.8.92 9.9 gms. 12.5 gms. 35.8 gms.
































POOD EFFICIENCY RATIO (GRAMS GAINED/GRAMS FOOD EATEN) 






Blood, Mucous, and Gastric Lesions Following a 24-Hour 
Fast and 24-Hour Fast with Volume Restriction of Rats
Experiment III
Body Weight Blood^ 
(grams)
2 3 4Lesions Total AreaDiet Rat No. Mucous
561Spice 1+ 1+ 0 0
602 0 1+ 0 0
3 80 0 1+ 2 32
4 55 01+ 905
74 245 0 0 1
6 71 0 0 00
667 250 1+ 1
608 0 0 0 0
0Control 1 70 1+ 1302
2 80 0 0 00
62 0 03 0 0
4 052 0 0 0
64 25 0 1+ 1
6 59 0 0 00
76 0 0 07 0
61 0 1808 0 1
Blood: l+=minimal, barely present; 2-3+=intermediate; 4+= 
maximum or excessive.
^Mucous: l+=scanty; 2-3+=intermediate; 4+=extremely heavy. 
-^Lesions: Any loss of mucosal tissue irrespective of depth. 




Effect of Red Pepper Together with Volume-Restriction 
Stress and Fasting on Gastric Pathology 
Experiment III
Spice DietControl DietVariables
1 35.8 + 2.8938.00 I 2.72Growth
.25 + .16+.12 .12Blood
.12 t .12





.21 1 .09+ .13.22Area
n + standard error of mean.ean
CHAPTER V
SUMMARY
Protein-calorie malnutrition (PCM) of childhood is the
primary worldwide nutritional problem. A review of literature 
revealed that PCM contributes to a high mortality rate, 
impaired growth, infection, irreversible brain damage, and
psychological manifestations. Causes of this malady appear 
to include lack of food, food habits, taboos, tradition, family
structure and food priority, weaning customs, and deficient
breast feeding. These conditions exist in West Africa.
There is a chronic shortage of animal proteins in much
of West Africa, besides these foods being too expensive for
many of the people. Economically, indigenous plant proteins
must provide the possible answer to this problem. For this
reason, black-eyed peas, peanuts, and egusi seed were chosen
because of their economy, availability, and acceptability to
the local people. These supplements to the West African diet
were evaluated by use of weanling Sprague-Dawley male albino
Three experiments were conducted to carry out therats.
purpose of the study and they included demonstration of the
value of these supplements through growth of the animals, food
efficiency ratio, endurance, and organ weights. The effect
of red pepper and protein supplementation in the West African
diet was also tested in the number and extent of gastro-intes-




Five staples commonly used in West Africa (cassava.
yam flour, plantain, rice, and corn) served as a basal diet
in Experiment I. With this basal diet, the three supplements
were tested at three levels and in combinations to determine
the most appropriate level of supplement to use in Experiment
All levels were in a range felt to be within the limitsII.
of human consumption.
In Experiment II, a week's estimate of a typical diet
of plant origin for a West African adult was formulated.
Foods for each of the seven days were listed, and from this.
the per cent contribution for each food in relation to the
total diet was determined. The complete diet was termed the
Basic West African (BWA) diet, and it served as the basis for
supplementation in this Experiment. Because a 28 per cent
level of peanuts seemed to prove more effective than other
levels in Experiment I, based on growth response in relation
to amount of added protein supplement, the same level of
supplementation was used for the three supplements to the
In addition, four diets were tested which were combin-diets.
ations of the supplements, and one diet was tested using soy
as the supplement.
Using a basal diet supplemented with peanuts, two diets
were formulated for Experiment III, the only difference being
With these diets, thethe presence or absence of red pepper.
possible effect of red pepper as used in the African diet on
the gastro-intestinal tract in relation to protein utilization
was studied.
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Diets used in all experiments were carefully weighed, 
homogenously mixed, and fed in dry form.
The statistical analysis demonstrated that the level
of protein was markedly increased by supplementing the West 
African diet, and that the increase in protein content of the 
diet was significantly and directly related to the growth 
response in animals. The data also indicated that protein
foods differ in their supplementary value to the diet, 
tical pooling of diets indicated a highly significant rela-
Statis-
tionship between growth and brain and muscle weights, as well
as between brain and muscle weights. Analysis of the data
also showed that animals that do not grow well also have a
loss of physical endurance.
The efficiency of utilization of the diet (as observed
in Experiment II) was markedly improved by the supplements,
regardless of which was used, egusi being the poorest one.
The best growth was observed with peanuts and black-eyed peas.
or black-eyed peas and egusi. (This excludes the experiment
with soy.) There was a significant difference in organ weights
studied in rats on a supplemented and unsupplemented diet.
On the data from gastric-pathology studies, there was
no significant difference except in the case of gastric mucous
production in Experiment II, and there were no significant 
differences in Experiment III.
CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS
The experiments conducted in this study showed that as 
more peanuts, black-eyed peas, and egusi are incorporated into 
the West African diet, body weight, brain weight, and muscle 
weight are significantly increased. Results of this study 
demonstrate for the first time that locally available foods 
in West Africa are fully capable of markedly improving physical 
stamina and brain development in animals.
Although there was no significant difference, statis­
tically, in blood, lesions, or lesion areas in either of the
experiments studying the effect of red pepper on the gastro­
intestinal tract, there was a significant difference in
production of gastric mucous in Experiment II, using a protein
supplemented and unsupplemented diet. Observation of the raw
data from these stress studies might suggest the possibility
of obtaining significant differences on all these parameters
if larger sample sizes were to be used in future studies.
Since it is known that in protein-calorie malnutrition
there is stunting of physical development and, perhaps, more
important, an irreversible damage to the brain, this study 
provides a rationale for a nutrition educational program for
West Africans.
This would include the use of greater amounts of peanuts.
This could be done by encour­
aging a greater consumption of these foods in the form in which
black-eyed peas, and egusi seed.
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they are customarily eaten. For example, more egusi could be
added to soups that call for this ingredient. Another way to
increase their amount in the diet is to incorporate them,
whenever possible, into favorite recipes and thus, popularize
their use in the regular diet. For example, peanuts or other
supplements could be added to yam or cassava as it is being 
prepared. Another way is to introduce new recipes containing
these supplements, such as gruels or soups. These are partic­
ularly suited for infant use where the problem of malnutrition
is greatest.
The uniqueness of the recommendations from this study
are that the protein supplements used are foods which are
readily available to West Africans, are already known and
accepted by them, and are within the economic capacity of the
people.
Human studies are needed to determine whether supple­
mentation of the diet for children would be equally beneficial
as was found with rats. From such studies more specific
recommendations could be derived. However, the present
studies do show that the more of each supplement that is used
the better the growth, physical endurance, and mental develop­
ment .
The present studies evaluated only three indigenous
African foods. Other possible foods should also be further
evaluated such as soybeans, which was included in one of the
experiments.
While the role of supplementation in physical development
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and endurance is clear, the value of the supplements on
learning ability should be tested. Other studies should
include the measuring of amino acid pools that have to do
with protein synthesis and tissue development as well as
enzymes that control protein metabolism. The role of supple­
mentation on parasitic infections and food utilization should
be studied. Data from such experiments would provide the
basis for a comprehensive public health approach for the
amelioration of protein-calorie malnutrition in West Africa.
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Table 22
Botanical Names of Foods in the Basic West African 
(BWA) Diet and Item Numbers from the Composition Tables
Experiment II




















































*The item number from the appropriate reference is given 
for sugar (59) and for all other foods (78).
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ABSTRACT
Africa is one of the areas of the world where protein- 
calorie malnutrition (PCM) of childhood is especially preva­
lent. A review of literature revealed causes and incidence
of PCM in Africa, general pathological signs of PCM, and 
efforts in Africa to overcome PCM through protein supplemen­
tation. The effect of red pepper on the gastro-intestinal
tract was also reviewed.
The purpose of this study was to evaluate three indig­
enous West African foods--peanuts, black-eyed peas, and egusi
seed—as protein supplements when added to the basic West
African diet of plant origin. The protein supplements were
chosen because they met the criteria of economy, availability.
and acceptability to the people of that area.
To test the value of these foods, experiments were
conducted using weanling Sprague-Dawley male albino rats.
The comparative value of these protein supplements were
demonstrated through the following observations of the animals:
growth (through weekly weights), food efficiency ratio (through
comparing weight gain to amount ingested), endurance (through
swim tests) , and organ weights. The effect of red pepper and
protein supplements in the West African diet was tested in
1-uX
the number and extent of gastro-intestinal lesions.
Five staples commonly used in West Africa (cassava, yam
flour, plantain, rice, and corn) served as a basal diet in
Experiment 1. With this basal diet, the three supplements
xvii
were each tested at three levels and in combinations to deter­
mine the most appropriate level of supplement to use in
Experiment II. All levels were in a range felt to be within
the limits of human consumption.
In Experiment II, a week's estimate of a typical diet
of plant origin for a West African adult was formulated. Foods
for each of the seven days were listed, and from this, the
per cent contribution for each food in relation to the total
diet was determined. The complete diet was termed the Basic
West African (BWA) diet, and it served as the basis for sup­
plementation in this experiment. Because a 28 per cent level
of peanuts in the diet seemed to prove more effective on
growth rate than other levels, the same level of supplementa­
tion was used for the three supplements or combinations of
these to the diets.
Using a basal diet supplemented with peanuts, two diets
were formulated for Experiment III, the only difference being
the presence or absence of red pepper. With these diets, the
possible effect of red pepper as used in the African diet on
the gastro-intestinal tract in relation to protein utilization
was studied.
Data was submitted to statistical analysis from all of
the tests done except from the maze study, in which case the
animals apparently lacked sufficient motivation for the test.
The statistical analysis from the other tests demonstrate
that the level of protein is markedly increased by supplemen­
ting the West African diet, and that the increase in protein
xviii
content in the diet is significantly related to the growth
response in animals. The data also indicates that not all
protein supplements are equivalent in quality or in their
supplementary value to the basic West African diet. Statis­
tical pooling of diets indicates a highly significant rela­
tionship between growth and brain and muscle weights, as well
as between brain and muscle weights. Analysis of data also
showed that animals that do not grow well also have a loss
of physical endurance.
The efficiency of utilization of the diet is markedly 
improved by the supplements, regardless of which is used,
egusi being the poorest one. The best growth was observed
with peanuts and black-eyed peas, or black-eyed peas and 
(This excludes the experiment with soy.) 
a significant difference in organ weights studied in rats on
egusi. There was
a supplemented and unsupplemented diet.
On the data from gastric-pathology studies, there was 
no significant difference except in the case of gastric
mucous production in Experiment II, and none seen in Experi­
ment III.
These studies suggest that as more peanuts, black-eyed
peas, and egusi are incorporated into the West African diet,
body weight, brain weight, and muscle weight are significantly
increased. These results demonstrate for the first time known
that locally available foods in West Africa are fully capable 
of markedly improving physical stamina and brain development 
This provides a rationale for a nutritionin animals.
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